Supplementary Materials and Methods
Cell fractionation, proteinase K digestion assay, and western blotting HEK293T cells were cultured in DMEM supplemented with 10% FBS. Detached cells were washed twice with PBS and resuspended in homogenization buffer containing 0.6 M mannitol, 10 mM TRIS, 0.1 mM EDTA (pH 7.4), and protease inhibitors (Roche). Cells were homogenized with a glass Dounce homogenizer. Next, differential centrifugation was used to obtain the different cell fractions (1000 × g for 10 min to remove cell debris and nuclei, next for 10 min at 10 000 × g to pellet the mitochondria). The pellet containing the mitochondrial fraction was resuspended in 50 mM TRIS-HCl pH 7.4 with 150 mM NaCl and divided in four fractions of which three were used for treatment with proteinase K using different enzyme concentrations: 0.2 µg / 5 mg for 10 min, 2 µg / 5 mg for 20 min and 20 µg per 5 mg mitochondrial proteins for 30 min. For western blot analysis, 1030 µg of extracted proteins were loaded on SDS-PAGE 412% BIS-TRIS gels (Life Technologies) and transferred onto a membrane using iBlot 2 Dry Blotting System (Thermo Fisher Scientific). The following antibodies were used: mouse anti-TOM22 (Abcam, ab10436, 1:2000 dilution), mouse antimtSSB1 (a kind gift of Prof. D. Kang, 1:4000 dilution), and anti-EXD2 (Sigma Aldrich, HPA005848, 1:1000 dilution).
Analytical ultracentrifugation (AUC)
The absolute molecular weights of tEXD2 proteins were measured by the sedimentation equilibrium method using an XL-A analytical ultracentrifuge (Beckman Coulter) as described previously (1) . Each tEXD2 protein sample was prepared in buffer containing 25 mM TRISHCl pH 7.5, 150 mM NaCl, and 5 mM β-mercaptoethanol. Sequence alignment of full-length EXD2 orthologs. Absolutely conserved, highly similar, and similar sequences are highlighted in bold red, red, and orange, respectively. Secondary structure elements of EXD2-exo, based on the crystal structure, are shown above the sequences, with yellow cylinders (-helices), blue arrows-strands), black lines (loops), and black dotted lines (disordered regions). Active site residues involved in metal ion coordination and residues potentially contacting the substrate are indicated by blue boxes and yellow stars, respectively. The extended sequence of helix 5 involved in inducing self-association is indicated by a green box. UniProt entries of EXD2 used for sequence alignment are as follows: Homo sapiens (Q9NVH0), Mus musculus (Q8VEG4), Ailuropoda melanoleuca (D2H5Q3), Gallus gallus (E1BXG2), Xenopus tropicalis (Q05AQ5), Danio rerio (F1QBW6), Ceratitis capitata (W8BM66), and Trichinella pseudospiralis (A0A0V1G6E7).
Supplementary Figure Legends

Figure S6. Structural comparison of EXD2 with other DnaQ exonucleases.
Overall structures of KF-exo, RNase D-exo, EXO1-exo, and DPO3E are shown in the same orientation as in Figure 3B to compare the structure of EXD2 with those of other DnaQ exonucleases. In contrast to EXD2, helices 4 (5 in EXO1 and DPO3E) and 5 (6 in EXO1 and DPO3E) are organized in a parallel fashion (see arrows). In KF-exo, the trinucleotide bound to the enzyme is shown in cartoon representation. Mg Surface representation showing a putative working model of EXD2 anchored to the mitochondrial outer membrane. Given that EXD2 must form a dimer for exonuclease activity, two EXD2 molecules could be associated with each other via intra-mitochondrial membrane contacts (A, homotypic) or EXD2 molecules from two different mitochondria could be associated via inter-mitochondrial membrane contacts (B, heterotypic). In both cases, selfassociation might be regulated by metal ions or other unknown cellular factors. IMM; mitochondrial inner membrane. Values in parentheses are for the highest resolution shell. PAL, Pohang Accelerator Laboratory. 
